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Preface 

I  want  to  thank  Mr.  Carl  P.  FerloU  for  tlie  detailed  design  necessary  to  fabricate  and 
successfully  assemble  the  Pneumatic  Payload  Ejector. 


CHARGE-2B  Diagnostic  Free-Flyer  Pneumatic  Payload 

Ejector  Test  and  Calibration  Report 


1.  INTRODUCTION 


CHARGE-2B  Is  a  cooperative  sounding  rocket  mission  conducted  jointly  by  Rome 
Laboratory  (RL),  NASA,  and  Utah  State  University.  It  Is  scheduled  lor  launch  from  the  Poker 
Flats  Rocket  Rauige.  AK  In  November  1991.  The  principal  objective  of  the  mission  is  to 
establish  the  feasibility  of  using  modulated  charged  particle  beams  as  ultra-long  antennas  for 
transmitting  messages  at  very  low  frequencies.  To  this  end.  Utah  State  is  building  a  2-ampere. 
3-kilovoU  electron  gun  that  will  fly  on  the  main  rocket  payload.  Rome  Laboratory  is  building 
a  fully  Instrumented  nosecone  that  will  separate  from  the  main  payload  during  flight  and 
measure  the  radio  waves  generated  by  the  electron  beam  in  space.  Rome  Laboratory^  will  also 
field  ground-based  radio  receivers  at  multiple  remote  sites  In  Alaska  for  the  purpose  of 
determining  the  field  strength  of  the  waves  at  the  earth’s  surface. 

The  RL  nosecone  wave  receiver,  known  as  the  Diagnostic  Free-Flyer  (DFF).  remotely 
measures  both  electric  and  magnetic  wave  fields  radiated  by  the  electron  beam  during  the 
CHARGE-2B  mission.  The  DFF  must  attain  a  large  separation  from  the  beam  emlttlne 
Mother"  payload  because  of  the  strong  Interaction  among  the  ambient  plasma,  the  beam  and 
the  counterstreaming  return  electrons  In  the  vicinity  of  the  Mother  This  interaction  is  the 
source  of  significant  Interference  to  the  DFF  wave  receiver.  Moreover,  it  is  desirable  to  obtain 
measurements  outside  the  near  field  of  the  radiating  system.  Near  field  measurements  will 
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not  properly  ohararterlze  the  strength  of  the  lofiospherle  wave  source  lor  comparison  with 
previously  developed  theoretical  models.  The  abov'e  requiremenis  dictate  that  the  DFF  aclilcve 
a  2  to  5  km  separation  ftom  the  Mother  payload  by  the  end  of  the  mission.  Such  a  separation 
will  place  the  DFF  well  outside  the  disturbed  plasma  region  observed  on  previous  missions  and 
out  of  the  near  field  for  all  but  the  longest  wavelength  VLF  emissions. 


2.  CRITICAL  DESIGN  CONSTRAINTS 


To  obtain  a  2  to  5  km  separation  during  the  interval  from  DFF  deployment  (110.0  seconds 
after  launch)  to  the  end  of  electron  gun  sequences  (518.0  seconds  after  launch),  it  will  be 
necessary  to  separate  at  a  velocity  between  4.9  and  12.3  in/s.  A  separation  velocity  of  10.0  ni/s 
was  chosen  as  a  reasonable  design  goal.  At  this  velocity,  payload  separation  will  be 
appro.xlmately  4  km  at  the  end  of  the  mission. 

A  second  critical  design  goal  for  the  DFF  ejection  system  was  to  minimize  the  acceleration 
experienced  by  the  payload  instrumentation.  This  goal  stems  in  part  from  general  systems 
reliability  concerns:  namely,  the  electronics  has  a  small  chance  of  breaking  during  ejection 
and  this  chance  increases  with  increasing  shock  amplitude.  A  still  more  Important  reason  1o 
limit  ejection  shock  was  the  desire  to  separate  the  DFF  from  the  Motlier  after  the  deployment 
of  the  DFF  electric  field  booms.  This  would  Increase  the  roll  moment  of  inertia  of  the  DFF 
prior  to  ejection,  thereby  reducing  the  payload  coning  due  to  ejection  tip-otf.  In  other  words 
the  DFF  will  rotate  more  stably  about  Its  spin  axis  If  Its  booms  are  released  before  rather  than 
after  ejection.  To  deploy  the  electric  field  booms  prior  to  ejection  it  is  necessary  to  limit 
ejection  shock  so  as  not  to  shear  off  the  booms  during  ejection.  A  maximum  acceleration  (4 
10.0  g  was  selected  as  a  reasonable  design  goal,  based  on  established  txmm  properties,  and 
contingent  upon  successful  shock  testing  of  the  booms  at  a  20.0  g  level,  in  their  deployed 
configuration. 


3.  PNEUMATIC  VERSUS  SPRING  EJECTION  SYSTEMS 


A  conventional  compression  spring  ejection  system  would  apply  Initial  acceleration  to  the 
DFF  that  would  exceed  the  10  g  limit.  If  the  spring  is  operated  In  a  regime  in  which  it  obeys 
Hooke  s  I-aw.  F  (x)  =  k  (L  -  x).  where  F  Is  the  spring  force.  L  is  spring  relaxed  length,  x  Is  spring 
actual  length,  and  k  is  a  constant,  then  it  can  be  shown  that  the  initial  acceleration  of  the 
payload  is 


L-x 

n 


(II 


2 


where  V  is  final  separation  velocity,  and  x„  is  spring  compressed  length.  Generous  values  lor 
spring  length  and  stroke,  L  =  0.5  ni,  x„  =  0.25  m.  yield  40  g  Initial  acceleration  to  obtain  the 
Intended  10.0  m/s  separation  velocity.  By  contrast,  an  eJe<‘lion  system  capable  of  supijlying 
uniform  force  over  its  stroke  will  supply  an  initial  acceleration  given  by: 


v" 

2  (L  -x  )  ■ 
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The  DFF  Pneumatic  Payload  Ejector  (PPE)  does  supply  roughly  constant  force,  thus 
offering  a  factor  of  2  reduction  In  initial  acceleration  relative  to  a  conventional  spring  system 
with  the  same  stroke  parameters.  Moreover,  the  pneumatic  system  is  capable  of  much  longer 
stroke.  In  particular,  we  can  comfortably  use  L  =  0.6  m.  x  =  0.1  m.  which  yields  an  initial 
acceleration  of  10.0  g  for  a  10.0  m/s  separation  speed. 

Thus,  a  pneumatic  system  is  capable  of  meeting  the  separation  system  design  goals, 
whereas  a  conventional,  compression  spring  system  is  not.  This  conclusion  led  to  the  .  . 
of  the  CHARGE-2B  DFF  Pneumatic  Payload  Ejector.  This  report  details  the  calibration  and 
testing  of  that  ejection  system. 


4.  PNEUMATIC  PAYLOAD  EJECTOR  DESIGN 


The  essential  features  of  the  PPE  are  shown  in  the  assembly  drawing  of  Figure  1.  Tbe 
pneumatic  actuator  is  a  Firestone  Airstroke  Model  38.  with  a  minimum  compressed  heiglit  of 
10.9  cm  and  a  compressed  volume  of  6200  cc.  The  reservoir  bottle  c  ontains  a  volume  ol  2000 
cc.  Tlie  payload  ejector  is  held  In  its  stowed  (compressed)  configuration  by  Uie  manacle  band 
joining  the  DFF  to  the  adjacent  payload  section,  the  Mother  ret  overy  system.  In  the  stowed 
position,  the  reservoir  is  valved  off  from  the  actuator  by  a  ball-and-seat  valve.  The  ball  is 
attached  to  one  end  plate  of  the  actuator  while  Uie  seat  is  allached  to  tlie  other,  so  tliat  the 
expansion  of  the  actuator  subsequent  to  the  release  of  tlie  manacle  band  will  allow  the 
reservoir  to  empty  into  the  actuator.  Reservoir  gas  flowing  Ihrougli  a  1.9  cm  diameter  orifice 
maintains  pressure  in  the  actuator  during  its  expansion. 

This  design  offers  the  substantial  added  benefit  of  allowing  the  DFF  to  be  mated  to  the 
payload  while  not  under  spring  force.  The  actuator  and  reservoir  can  be  pressurized 
Independently  through  an  access  door  in  the  fully  assembled  jjayload. 
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Assembly  Drawing  Showing  Side  View  of  CHARGE-2B  Diagnostic  Free-Flyer  Pneumatic  Payload  Ejector  (PPE) 


5.  CALIBRATION  TESTING 


In  August  1990,  a  prototype  Pneumatic  Payload  Ejector  (PPE)  was  field  tested  to  r  nlihrate 
expected  separation  velocity  as  a  function  of  pressure  In  the  reservoir  tank.  This  calibrail'm 
wall  be  utilized  as  an  adjunct  to  accelerometer  data  from  the  llighi.  The  accelerometer  output 
will  be  integrated  directly  during  the  ejection  to  obtain  tlie  final  separation  speed.  The  ejer  tor 
calibration  will  be  apjilted  to  the  telemetered  values  of  actuator  and  reservoii  pressure  at  the 
time  of  payload  ejection.  We  will  thereby  obtain  two  Indeijendent  estimates  of  the  linal  DFF 
separation  velocity  for  use  in  '"e  analysis  o(  the  DFF  wave  data. 

Under  the  test  procedure,  the  ejector  system  was  placed  oti  level  ground  and  loaded  with  a 
100-pound  dummy  payload.  In  order  to  simulate  the  In-tlight  payWtad  release  mechanism,  the 
PPE  was  restrained  by  a  llight  mcmacle  band  placed  In  machined  joint  grooves  on  the  dummy 
payload  can  and  on  a  test  fixture.  The  manacle  band  alien  bcjlls  were  not  utilized.  Instead  a 
c|uick-release  belt  was  placed  around  the  payload  clicumlerent  e  to  trap  the  manacle  hand.  The 
system  was  safed  during  the  pressurization  of  tJie  actuator  and  reservoir  by  bolting  the  dumiin 
payload  to  the  test  fixture.  Subsequent  to  pressurtz^atlon,  the  safety  bolts  were  removed  and 
the  PPE  was  ready  for  testing. 

The  test  results  were  documented  by  a  data-quallty.  time-c  oded  video  recorder.  I  'sing  the 
resulting  video  tape,  event  times  could  be  determined  to  +1.5  msec. 

To  accomplish  the  test,  the  quick  release  belt  was  unfastened,  permitting  the  Pneumatic 
Payload  Ejector  to  launch  the  dummy  payload  vertically  upward  against  gravity.  The  dummv 
payload  typically  reached  an  apogee  of  15  to  20  feet  during  the  tests  Since  this  distance  of 
travel  was  much  greater  than  the  actuator  stroke,  the  payload  separation  velocity  in  the 
absence  of  gravity  can  be  estimated  (±5  percent)  by  comparing  the  time  of  full  actuatoi 
extension  to  the  time  of  apogee.  Test  results  are  shown  In  Table  1 


Table  1.  PPE  C’allbratlon  Test  Results 


Pr 

Pa 

Pf 

Tr 

Ta 

Ti 

\s 

129.7 

31.0 

18.0 

30  35 

30.79 

31.33 

4.9 

137.9 

32.1 

22.2 

34.11 

34.61 

35.01 

4.5 

175.4 

30.2 

25.7 

1 1.46 

12.06 

12.63 

170.0 

37.0 

26.1 

8.84 

9,40 

10.00 

5.8 
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where  Pr  = 
Pa  = 
Pf  = 
Tr  = 
Ta  = 
Ti  = 
Vs  = 


pressure  In  resen'oir  prior  to  test  (PSIA) 
pressure  In  artualor  prior  to  test  |P.SIA( 
final  system  pressure  (PSIA) 
time  of  actuator  full  extension  (s) 
time  of  dummy  payload  apogee  (s) 
time  of  dummy  payload  Impact  (s) 
calculated  separation  velocity  (m/s| 


=  10.0  •  (Tl -Tr)/2.0 

if)  0  m/s^  Is  taken  In  be  gravitational  acceleration 


Separation  velocity  Is  approximately  proportional  to  the  square  root  of  the  reservoir  pressure, 
as  would  be  exactly  true  If  the  svstem  succeeded  In  maintaining  constant  pressure  In  the 
actuator  throughout  Its  stroke.  VV'e  will  e.xtrapolate  to  a  separation  v'elocily  of  6.0  m/s  at  a 
reservoir  pressure  of  200  PSIA.  These  will  be  the  lllght  parameters  unless  additional 
calibration  testing  Is  peiiormed  at  higher  reservoir  pressures. 

The  separation  velocities  of  Table  1  must  be  corrected  to  account  for  the  fact  that  the 
Diagnostic  Free-Flyer  (DFF)  is  separating  from  a  Mother  payload  of  finite  mass  rather  than 
the  Inlimtlely  massive  earth  If  I  is  the  total  impulse  applied  to  each  payload  during  ejeclif'ii. 
then 


1 


m 


1 


•  I 


(3) 


Is  the  separation  speed  of  Itie  DFF  with  respect  to  the  Mother,  where  in,  Is  the  DFF  mass,  and 
m.2  is  the  Mother  mass.  The  DFF  and  Mother  will  be  moving  at  speeds  I/m,  ai.d  l/m2. 
respectively,  away  from  the  Pneumatic  Payload  Ejector  (PPE).  while  the  PPE  proceeds  at  the 
center  of  mass  v’eloclty  -  since  the  PPE  Is  attached  to  neither  payload.  In  correcting  for  finite 
Mother  mass.  It  Is  necessary’  to  recall  that  the  total  Impulse  applied  to  each  payload  In  flight 
wilt  be  less  than  that  applied  to  the  dummy  payload  during  ground  tests.  This  results  from  the 
lesser  contact  time  between  the  PPE  and  the  payloads  during  flight.  The  correction  factor  to  be 
applied  to  the  measured  separation  velocities  can  be  obtained  for  constant  ejection 
acceleration: 


3/ 


1  + 


(41 


For  m,  =  -15.4  kg  (100  lbs.  =  DFF  anticipated  weight),  in.2  =  454  kg  (1000  lbs.  =  Mother 
anticipated  weight),  this  factor  is  1.05,  which  Is  relatively  small.  Thus,  a  6.0  m/s  separation 
during  the  ground  test  configuration  translates  Into  6.3  m/s  during  flight.  This  Implies  a 
relative  speed  ol  5.7  m/s  between  the  PPE  and  DFF.  and  0.6  rn/s  between  the  PPE  and  Mothei 
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The  field  lest  also  demonstrated  that  the  Pneumatic  Payload  Ejector  maintained  (oiuaf  i 
with  the  dummy  payload  lor  approximately  75  msec,  regardless  ot  reservoir  pressure  Dll'*  to 
finite  Mother  mass  this  Interval  will  be  reduced  to  68  ms  during  ilight.  From  this  acf  eleration 
inlerv'al.  we  can  compute  a  constant  acceleration  of  8.8  g  for  a  6.0  m/s  separation  velo(  ilv 


6.  VIBRATION  AND  SHOCK  TESTING 


Launch  vehicle  vibration  or  motor  separation  shock  coulil  cause  the  ball  valve  In  the  PPE 
actuator  to  unseat,  allowing  reservoir  gas  to  enter  the  actitalor  prematurely.  This  event  \vt)ulcl 
have  two  negative  effects.  First,  It  would  greatly  Increase  the  initial  acceleration  exi^erleiu  ed 
by  the  DFF  --  to  a  value  as  great  as  40  g  for  200.0  PSI  Initial  reservoir  pressure.  Such  an 
acceleration  would  Jeopardize  both  the  Instrumentation  eleclrotilcs  and  the  deployed  elecirit 
field  booms.  Second.  It  could,  in  principle,  cause  the  Alrslroke  actuator  to  exceed  its  rated 
maximum  pressure,  possibly  causing  It  to  rupture.  In  practice,  this  is  not  a  concern,  as  the 
worst  case  actuator  pressure  for  a  leaking  ball  valve  at  200  PSI  reservoir  pressure  will  be  64 
PSI,  well  beneath  the  rated  maximum  of  100.0  PSI. 

As  a  result  of  these  concerns,  a  pressurized  prototype  Pneumatic  Payload  Ejector  was 
subjected  to  vtbration  and  shock  testing  on  23  and  28  August  1990.  The  PPE  was  secured  to  a 
lest  fixture  by  a  manacle  band  with  the  associated  alien  bolts  Installed.  The  test  fixture,  in 
turn,  was  bolted  to  the  shake  table.  The  system  was  weighted  with  a  dummy  payload  weighing 
100  lbs.  The  dummy  payload  consisted  of  a  sand-ftlled,  covered  aluminum  can. 

The  ejector  system  was  shaken  and  shocked  in  one  lateral  axis  and  in  the  thrust  axis. 
Table  2  shows  system  pressures  after  each  test  and  lists  the  llgures  containing  indhidual  test 
accelerations. 


Table  2.  PPE  Vibration  and  Shock  Test  Results 


Date 

Test 

Pa 

Pr 

Figure 

23  Aug 

prior  to  testing 

31.19 

117.82 

lateral  random  vibration 

31.10 

117.28 

2 

23  Aug 

lateral  shock  (-25  g) 

31.05 

116.70 

3 

23  Aug 

lateral  shock  (25  g) 

30.97 

115.96 

4 

23  Aug 

lateral  sine  vibration 

30.86 

115.31 

5 

28  Aug 

prior  to  testing 

29.32 

100.50 

28  Aug 

thrust  random  vibration 

29.35 

100.29 

6 

thrust  shock  (25  g) 

29.43 

99.70 

7 

thrust  sine  vibration 

29.42 

99.66 

8 

where  Pr’  =  pressure  in  reservoir  after  lest  (PSIA) 

Pa'  =  pressure  In  actuator  after  test  (PSIA) 
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ACCELERATION  (g) 


Figure  3.  Response  Acceleration  During  NegaU%'e  Shock.  1 1  ms.  25g. 


Figure  4  Response  Acceleration  During  Positive  Shock.  1 1  ms.  25g. 
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CHARGE  2B  OFF  8-28-90 


Response  Acceleration  Observed  During  Thrust  Axis  Random  Vibration  of  PPE 
ils  as  in  Figure  2. 
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CHARGE  2B  OFF  THRUST  AXIS 


Figure  7.  Response  Acceleration  During  Thrust  Axis  Shock.  1 1  ms.  25g. 


The  figures  show  that  the  response  acceleration  of  the  Pneumatic  Payload  Ejector  exceeded 
test  limits  for  all  vibration  tests.  This  was  due  to  shaky  construction  of  the  dummy  payload, 
and  does  not  alter  the  fact  that  the  PPE  Itself  performed  flawlessly  in  all  tests.  The  valve 
maintained  an  adequate  seal  tliroughout  the  vibration  and  shocks.  The  slight  downward  trend 
in  pressure  Is  not  slgrJQcant,  and  can  be  attilbuted  to  cooling  of  the  system  in  the  test  facility. 


7.  SHOCK  TESTING  OF  THE  DFF  ELECTRIC  FIELD  BOOMS 


Figure  8  shows  the  response  acceleration  of  the  CHARGE-2B  Diagnostic  Free-Flyer  electric 
field  boorn.s  during  a  20  g,  11  ms  sine  pulse.  The  boom  was  Installed  In  Its  hinge  mechanism 
and  shocked  along  an  axis  nonnal  to  Us  length.  While  this  was  not  a  direct  lest  of  the 
Pneumatic  Payload  Ejector.  It  Is  relevant  because  It  bears  on  the  question  of  whether  or  not 
the  PPE  will  subject  the  deployed  field  boo.iis  to  excessive  shock  during  ejection.  The  boom,  a 
1.0-ln  O.D..  1/16-ln.  wall  thickness  tube  made  of  G-10  fiberglass,  perlbrmed  well  during  the 
test  and  exhibited  no  mechanical  defects  upon  subsequent  inspection.  We  conclude  that  the 
electric  field  booms  may  be  safely  deployed  prior  to  payload  ejection. 
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8.  DISCUSSION 


A  prototype  version  of  the  CUARGE-2B  Dlaj^nostlo  Free-Flyer  (DFF)  Pneuinatlc  Payload 
Ejector  (PPE)  was  calibrated  and  tested  In  August  1990.  It  was  tested  against  design  g<)als  ol  4  9 
m/s  minimum  separation  speed  ;md  10  g  maximum  acceleration,  derived  Irorn  both  sclentilir 
and  engineering  considerations.  The  tests  were  conducted  for  an  anticipated  100  lb  (45  4  kg) 
payload,  and  the  system  performed  successfully  --  achieving  minimum  design  goals  and  not 
leaking  under  vibration  and  shock.  As  a  result  of  the  tests,  we  would  expect  to  lly  with  one 
atmosphere  in  the  actuator  and  200  PSLA  In  the  reserx'oir.  A  100  pound  jjayload  would  achie\f 
a  separation  speed  of  6.0  m/s.  and  experience  a  maximum  acceleration  of  8.8  g. 

In  tact,  the  final  weight  estimates  for  (he  DFF  and  Mother  payloads  are  148  lb  and  780  II) 
respectively.  Applying  our  calibration  results  and  torrecllons  for  finile  Mother  mass,  we 
expect  a  separation  speed  of  approximately  4.4  m/s  between  the  Mother  and  the  DFF.  and  0.7 
m/s  between  the  Mother  and  the  PPE.  Thts  projected  separation  speed  fails  to  meet  minlmiini 
design  goals.  Additional  calibration  testing  would  be  required  beldre  increasing  the  reser\'oii 
or  actuator  pressure  to  regain  Intended  separation  speed. 

Prototype  vibration  and  shock  testing  Is  complete.  However,  the  flight  unit  will  be 
subjected  to  \ibratlon  and  shock  according  to  the  NASA  Sounding  Rocket  Handbook.’  This 
will  be  accomplished  with  the  PPE  pressurized  to  anticipated  flight  levels. 

Finally,  shock  testing  of  the  DFF  electric  field  boom  assemblies  demonstrated  that  the 
booms  may  be  deployed  prior  to  payload  ejection  without  risk  of  damage  due  to  excessive 
shock 


‘  (1988)  5k)undlng  Rocket  (Aser  s  Handbook.  NASA  Goddard  Space  Fllghi  i  enter.  Wallops 

FlighI  Facility,  VA  23337. 
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MISSION 

OF 

ROME  LABORATORY 

Rome  Laborotcxy  plans  and  executes  an  interdisciplinary  program  in  re¬ 
search,  development,  test,  and  technology  transition  in  support  of  Air 
Force  Command,  Control,  Communications  and  Intelligence  (C^I)  activities 
for  all  Air  Force  platforms.  It  also  executes  selected  acquisition  programs 
in  several  areas  of  expertise.  Teclviical  and  engineering  support  within 
areas  of  competence  is  provided  to  ESD  Program  Offices  (POs)  and  other 
ESD  elements  to  perform  effective  acquisition  of  C^I  systems.  In  addition, 
Rome  Laboratory's  technology  supports  other  AFSC  Product  Divisions,  the 
Air  Force  user  community,  and  other  DOD  and  non-DOD  agencies.  Rome 
Laboratory  maintains  technical  competence  and  research  fx'ograms  in  areas 
including,  but  not  limited  to,  communications,  command  and  control,  battle 
management,  intelligence  information  processing,  computational  sciences 
and  software  producibility,  wide  area  surveillance/sensors,  signal  proces¬ 
sing,  solid  state  sciences,  photonics,  electromagnetic  technology,  super¬ 
conductivity,  and  electronic  reliability/maintainability  and  testability. 


